Review Article | ^ Infection & *2j f& B 

Chemotherapy 



http://dx.doi.Org/l0.3947/ic.20l4.46.1.1 
Infect Chemother 2014;46(1):1 -12 
pISSN 2093-2340 • elSSN 2092-6448 



Biomarkers of Sepsis 

Sung-Yeon Cho 1 ' 2 , and Jung-Hyun Choi 1,2 

'Division of Infectious Diseases, Department of Internal Medicine, and 2 Vaccine Bio Research Institute, The Catholic University of Korea 
College of Medicine, Seoul, Korea 



Sepsis remains a leading cause of death in critically ill patients, despite efforts to improve patient outcome. Thus far, no magic 
drugs exist for severe sepsis and septic shock. Instead, early diagnosis and prompt initial management such as early goal-direct- 
ed therapy are key to improve sepsis outcome. For early detection of sepsis, biological markers (biomarkers) can help clinicians 
to distinguish infection from host response to inflammation. Ideally, biomarkers can be used for risk stratification, diagnosis, 
monitoring of treatment responses, and outcome prediction. More than 1 70 biomarkers have been identified as useful for evalu- 
ating sepsis, including C-reactive protein, procalcitonin, various cytokines, and cell surface markers. Recently, studies have re- 
ported on the usefulness of biomarker-guided antibiotic stewardships. However, the other side of these numerous biomarkers is 
that no novel single laboratory marker can diagnose, predict, and track the treatment of sepsis. The purpose of this review is to 
summarize several key biomarkers from recent sepsis studies. 
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Introduction 

1. Sepsis: Where are we now? 

Severe sepsis and septic shock are leading causes of death, 
representing 30-50% of hospital-reported mortality [1]. Sepsis 
treatment outcomes are disappointing, despite a long history 
of interventions, such as numerous antibiotics including peni- 
cillin, efforts to follow guidelines from the Surviving Sepsis 
Campaign (SSC), and development of supportive modalities 
for organ dysfunctions accompanying sepsis (e.g., dialysis, 
ventilators, extracorporeal membrane oxygenation). We have 
seen the rise and fall of recombinant human activated protein 



C (drotrecogin alfa) for the treatment of severe sepsis, while 
the disappointing results might be explained by statistical in- 
significance stemming from the relatively lower mortality rate 
(25%) in the Protein C Worldwide Evaluation in Severe Sepsis 
(PROWESS) study [2, 3]. In addition to activated protein C, 
treatments with agents such as toll-like receptor (TLR) 
4-blocker (eritoran) and human recombinant lactoferrin (ta- 
lactoferrin) are also viewed with skepticism [4-6]. Failure of 
these treatments in clinical trials might be predictable for sev- 
eral reasons. Sepsis is the result of a complex chain of events 
composed of innate and adaptive immune responses, includ- 
ing activation of the complement system, coagulation cas- 
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Figure 1. Systemic responses to sepsis and possible biomarkers. Systemic response to sepsis results from multiple changes to the inflammatory coagulatory, 

and vascular systems. Candidate biomarkers include proteins such as cytokines, soluble receptors, and acute phase reactants. 

DAMP, damage-associated molecular pattern; PAMP, pathogen-associated molecular pattern; SIRS, systemic inflammatory response syndrome. 



cades, and the vascular endothelial system (Fig. 1). Such com- 
plexity makes it difficult for new drugs targeting a single 
immunological event to improve sepsis outcome. In addition, 
immune responses are based on individual patient factors in- 
cluding age, underlying diseases, nutritional state, and even 
genetic variability. For this reason, treatments, especially im- 
munotherapy, have to be individualized. Furthermore, patho- 
gen factors also vary by patient. Given that adjunctive therapy 
for sepsis has shown disappointing results, conventional man- 
agement is of immediate importance in the real world. Practi- 
cally, "bundled care" for sepsis, with early administration of 
appropriate antibiotics and supportive care based on SSC 
guidelines, improves outcome [7, 8]. This emphasizes the ne- 
cessity for early and accurate detection of sepsis. However, a 
definite microbiological diagnosis cannot be made in approxi- 
mately one-third of patients with clinical manifestations of 
sepsis [9, 10]. For this reason, good biomarkers can guide the 
early diagnosis and management of sepsis. Here, we discuss 
sepsis biomarkers and directions for future research. 

2. Pathophysiology of sepsis 

Sepsis is the result of host response to infection by microbial 
pathogens, meaning that antimicrobial agents are insufficient 
for treatment of this infectious disease. In 1904, William Osier 
noted, "It appears that patients are dying not from their infec- 
tions but rather their reaction to them." Sepsis has traditional- 
ly been considered as a result of uncontrolled inflammatory 
response, a "cytokine storm" that results in shock or organ 
dysfunction [11]. More than 30 clinical trials have focused on 
blocking these inflammatory cascades, such as steroids, tu- 
mor necrosis factor (TNF)-a antagonist, and anti-endotoxin. 
However, the paradigm of sepsis understanding and treat- 
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Figure 2. Inflammatory response to sepsis. Immune response to sepsis is 
both proinflammatory and anti-inflammatory. An initial hyper-inflammatory phase is 
followed by a hypo-inflammatory (immunosuppressive) phase. Immunosuppres- 
sion in sepsis contributes to increased mortality in elderly patients. Ideally, good 
biomarkers can reflect the hyper- (A) or hypo-inflammatory (B) status and the 
direction of inflammatory response (A or C) 



ment has shifted toward its immunosuppressive effects [12]. 
For example, elderly patients with sepsis are lack of fever and 
other immune responses, that are associated with poor prog- 
nosis. Such immunosuppression is now considered a key 
pathogenesis associated with sepsis mortality. Immunosup- 
pressed conditions lead to secondary infections due to noso- 
comial pathogens such as Acinetobacter, Enterococcus, Steno- 
trophomonas, or Candida species, which could worsen 
outcome. In addition, several clinical trials have shown that 
immune-enhancing therapies such as recombinant human 
interleukin (IL)-7 and granulocyte-macrophage colony-stim- 
ulating factor may have beneficial effects [13, 14]. Immuno- 
suppression in sepsis has been also identified in post-mortem 
studies of patients who died of sepsis [11, 15]. There was a 
marked decrease in lipopolysaccharide (LPS)-stimulated cy- 
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tokine secretion of mediators including TNF, interferon-y, IL- 
6, and IL-10 in splenocytes from patients diagnosed with sep- 
sis. In addition, immune effector cells, including clusters of 
differentiation (CD) 4, CD8 cells, and human leukocyte anti- 
gen-DR were significantly decreased in splenic tissue of pa- 
tients dying of sepsis compared to control patients [15]. Early 
hyper-inflammatory and late compensatory anti-inflammato- 
ry response syndromes are included in current immunologi- 
cal models of sepsis (Fig. 2). However, this is not a simple tri- 
phasic model in many cases. The degree and duration of 
immune response differs from patient to patient according to 
age, underlying physical state, comorbidities, pathogen viru- 
lence, pathogen burden, and genetic factors. These cycles may 
repeat, with waxing and waning of clinical symptoms. During 
the course of sepsis, the duration and degree of immunosup- 
pression could affect the outcome, which leads us to consider 
tailored immunomodulatory therapy. 

Biomarkers of sepsis 

An ideal biomarker can be objectively measured and reflects 
normal biological and pathogenic processes as well as re- 
sponses to therapeutic interventions [16]. Many trials have 
identified potential biomarkers. More than 170 biomarkers 
have been studied for use in evaluation of sepsis [17]. Devel- 
opment of sepsis changes the expression and activity of thou- 
sands of endogenous mediators of inflammation, coagulation, 
and intermediary metabolism [18, 19]. Even when biomarkers 
start at equal values, the effect of inflammatory responses can 
cause these values to change in opposite directions (Fig. 2). 
While early diagnosis is helpful, biphasic or repeated biphasic 
models of sepsis make it difficult to predict mortality and 
prognosis based on initial biomarker levels. Nevertheless, the 
ideal biomarkers could play a role in sepsis screening, early 
diagnosis, risk stratification, critical assessment, and progno- 
sis prediction [19, 20], which can improve outcomes (Table 1). 
This review will discuss the major measurable sepsis biomark- 
ers that have been proposed for clinical use. 

1. Markers for early response to sepsis 

The traditional sepsis model is the immune response acti- 
vated when TLR expressed on the macrophage recognizes 
LPS in cell walls of gram-negative bacteria. This is an example 
of pattern recognition receptors (PRR) and pathogen-associ- 
ated molecular patterns (PAMP). This recognition stimulates 
secretion of proinflammatory cytokines, such as TNF-a, IL-1|3, 



Table 1 . Characteristics of ideal sepsis biomarkers 



and IL-6. Various inflammatory cytokines and LPS have there- 
fore been studied as sepsis biomarkers. 

1) Cytokines and chemokines 

TNF-a, IL-1(3, and IL-6 are cytokines responsible for media- 
tion of the initial innate immune system response to injury or 
infection. These proinflammatory cytokines contribute to fe- 
ver, activate endothelial cells, attract circulating polymorpho- 
nuclear cells (PMNs), and enter the circulatory system. Stud- 
ies have demonstrated increased blood cytokine levels in 
patients with sepsis. However, levels of these cytokines also 
increase after trauma, surgery, stroke, or with autoimmune 
diseases. Use of these inflammatory cytokines to diagnosis 
sepsis is difficult because they are nonspecific and unable to 
differentiate infection from inflammation. TNF-a and IL-6 lev- 
els have been reported to be related to organ damage and 
mortality, making them potentially useful prognosis predic- 
tors [21-23]. However, a clinical trial of pretreatment with 
polyclonal ovine anti-TNF fragment antigen binding frag- 
ments (CytoFab) showed no difference in 28-day mortality 
[24, 25]. The conflicting reports could be explained by the 
short half-life (the half-life of TNF, for example, is 17 minutes) 
and earlier peak concentration of proinflammatory cytokines 
than other biomarkers. IL-1(3 levels are not elevated to the 
same degree as TNF. Therefore, neither TNF nor IL-1J3 has 
proven to be useful as major biomarkers of sepsis. It is difficult 
to translate certain clinical condition into particular cytokine 
profile [26], which could be caused by and is the result of com- 
plex inflammatory responses. Recent studies have proposed 
that measurement of multiple cytokines correlates well with 
disease severity and prognosis [26-28]. Combined biomarkers 
will be addressed later. 



Role of biomarkers 
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Establish early diagnosis that helps the initial management of 
sepsis 
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Predict outcomes 
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Have reference standard 
Reproducibility of test 
Have well-known kinetics 
Cost-effectiveness 
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pharmacologic response to therapy 
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2) Lipopolysaccharide-binding protein 

LPS-binding protein (LBP), mainly synthesized in the liver, 
is a polypeptide that binds LPS. The LPS-LBP complex initi- 
ates signal transduction according to LBP level. This complex 
complex has a dual action, enhancing and inhibiting LPS sig- 
naling at low and higher levels, respectively [29]. Serum LBP 
level increases several-fold in sepsis, making it useful for diag- 
nosis [30, 31]. It may also be effective as a predictive marker 
for disease severity and outcome [32, 33]. However, LPS and 
LBP levels are affected by administration of antibiotics and 
generally do not correlate to the clinical course of sepsis [34]. 
Therefore, it is of limited use as a sepsis biomarker. 

2. Markers for late response to sepsis 

TNF-a and IL-1(3 are released within minutes of exposure to 
LPS. In the late 1990s, investigators found that LPS-treated 
mice died after serum TNF-a and IL-lfS returned to basal lev- 
els, suggesting that mediators other than TNF-a might con- 
tribute to death. There are two well-known inflammatory me- 
diators, high-mobility group box 1 (HMGB1) protein and 
macrophage migration inhibitory factor (MIF), which are im- 
portant in late phase of severe infections. 

1) High- mobility group box 1 protein 

HMGB1 is a cytoplasmic and nuclear protein that is unde- 
tectable in healthy subjects. It is released by activated mono- 
cytes or necrotic tissues during infection or injury. This proin- 
flammatory cytokine reaches detectable levels after 8-12 
hours and plateaus after 18-32 hours. Plasma HMGB1 con- 
centration has been shown to increase in patients with severe 
sepsis and septic shock and is correlated with the degree of 
organ failure [35, 36]. In a prospective study, HMGB1 mea- 
surements on day 3 discriminated survivors from non-survi- 
vors with a sensitivity and specificity of 66% and 67%, respec- 
tively. HMGB1 levels greater than 4 ng/mL on day 3 were 
associated with a 5.5-fold increased risk of death (95% confi- 
dence interval [CI]: 1.3-23.6) [37]. 

2) Macrophage migration inhibitory factor 

The other "late" proinflammatory molecule, MIF normally 
circulates at low levels of 2- 1 0 ng/ mL [38] . Plasma MIF concen- 
tration increases during infection and very high levels have 
been found in cases with severe sepsis and septic shock [39]. A 
recent study concluded that high MIF levels serve as an early 
indicator of poor outcome in sepsis [40]. These results imply 
that late mediators such as HMGB1 and MIF could predict 
sepsis prognosis. 



3. C-reactive protein 

Tillet & Francis first discovered C-reactive protein (CRP) in 
a patient with lobar pneumonia in 1930. It was identified as a 
protein responsible for precipitating C polysaccharide during 
the acute phase of Streptococcus pneumonia infection [41]. 
CRP was also found in patients with endocarditis or rheumat- 
ic fever. Its response is stronger in acutely ill patients; levels 
decrease as patients recover. These characteristics make CRP 
a member of the class of acute-phase reactants. CRP is an old 
biomarker used most commonly in clinical settings. It is a 
nonspecific marker of inflammation that also increases after 
surgery, burns, myocardial infarctions, and rheumatic diseas- 
es [42]. The sensitivity and specificity of CRP as a marker for 
bacterial infections are 68-92% and 40-67%, respectively [43- 
46]. Its low specificity and inability to differentiate bacterial 
infections from noninfectious causes of inflammation makes 
CRP of limited diagnostic value. However, CRP shows promise 
for evaluating sepsis severity and prognosis. CRP plasma lev- 
els have been shown to correlate with the severity of infection 
[47]. A rapid decrease in CRP levels has been reported to cor- 
relate with good response to initial antimicrobial therapy in 
septic patients [48]. CRP is a useful biomarker to monitor 
treatment response. However, hasty interpretation or antibiot- 
ic guidance within 1-2 days after starting empirical antibiotic 
treatment is problematic in many clinical situations. Clini- 
cians cannot interpret changes in CRP levels without consid- 
ering the kinetics of this marker. 

4. Procalcitonin 

Procalcitonin (PCT) is a precursor of calcitonin, a calcium 
regulatory hormone secreted from thyroid tissue in healthy 
individuals. In infectious conditions, PCT is released from 
nearly all tissues including lung, liver, kidney, pancreas, 
spleen, colon, and adipose tissues. In 1993, PCT was first de- 
scribed as a marker elevated in bacterial infections [49]. In 
2008, PCT was proposed as an adjunctive diagnostic marker 
to differentiate acute bacterial infection from other inflamma- 
tory states by the American College of Critical Care Medicine 
and the Infectious Diseases Society of America [50]. In a sys- 
tematic review and meta-analysis, PCT was found to be more 
specific (specificity 81% [95% CI: 67-90%]) than CRP (67% 
[95% CI: 56-77%] ) for differentiating bacterial infection among 
hospitalized patients [46]. The cutoff median PCT value in this 
meta-analysis was 1.1 ng/mL (interquartile range: 0.5-2.0 ng/ 
mL). PCT cutoffs for diagnosis of sepsis or guidance of antibi- 
otic choice have not yet been fully determined; the sensitivity 
and specificity of this marker for diagnosis of sepsis are affect- 
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ed by different cutoff values. PCT values need to be further 
evaluated according to different sites of infection, hosts, and 
pathogens. Another recent meta-analysis showed that PCT is 
a useful marker for early diagnosis of sepsis in critically ill pa- 
tients, with sensitivity and specificity of 77% (95% CI: 72-81%) 
and 79% (95% CI: 74-84%), respectively [51]. PCT levels are 
also elevated after surgery, cardiogenic shock, heat shock, 
acute graft-versus-host disease, and immunotherapy such as 
granulocyte transfusion, which could limit its usefulness as a 
sepsis biomarker [52, 53]. PCT has also drawn attention be- 
cause it can be used for guidance of antibiotic stewardship to 
reduce inappropriate use of antibiotics [54]. However, many 
experts recommend that PCT-guided decision-making should 
be an adjunctive method based on consideration of the pa- 
tient's clinical course. 

5. Lactate 

Serum lactate levels can reflect tissue hypoperfusion and 
anaerobic metabolism in severe sepsis and septic shock. At a 
cellular level, energy production depends on glucose and oxy- 
gen metabolism. Glycolysis converts glucose to pyruvate and 
yields 2 adenosine triphosphates (ATPs). Pyruvate then enters 
the Krebs cycle, which produces more ATPs. However, in hy- 
poxic circumstances, pyruvate is instead converted to lactate. 
Elevated lactate levels and lactate-to-pyruvate ratios result 
mostly from increased glycolysis and lactate production as 
well as limited tissue oxygenation. Elevated levels are also re- 
lated to impaired hepatic lactate clearance and mitochondrial 
dysfunction [20]. Several studies have demonstrated that ele- 
vated lactate levels are related to mortality in patients with 
sepsis [55-58]. In a retrospective study of critically ill patients, 
serum lactate levels greater than 2 mmol/L on admission were 
associated with a 1.94-10.89-fold increased mortality com- 
pared to levels below 2 mmol/L [59]. In a large study of 1,278 
patients with infections, those with lactate levels above 4 
mmol/L had higher in-hospital mortality rates than patients 
with lactate levels less than 2.5 mmol/L (28.4% vs. 4.9%) [57]. 
Another study has reported that sustained hyperlactatemia is 
predictive of in-hospital mortality [60]. In contrast, however, 
early lactate clearance was associated with improved out- 
comes in patients with severe sepsis and septic shock [61]. A 
recent systematic review further confirmed the utility of moni- 
toring serial blood lactate and its value as a predictive marker 
of in-hospital mortality [58]. Recently, data from a retrospec- 
tive study by the Vasopressin Septic Shock Trial and a single- 
center septic shock cohort (St. Paul's Hospital cohort) have 
suggested that even minimal increases in arterial lactate con- 



centration within the reference range (1.4-2.3 mmol/L) may 
predict 28-day mortality (sensitivity and specificity of 86% and 
27%, respectively). Furthermore, the data suggested that pa- 
tients with lactate levels below 1.4 mmol/L might benefit from 
vasopressin infusion [56]. Therefore, lactate screening and 
monitoring may be a valuable tool for risk stratification and to 
predict sepsis outcome. 

6. Mid-regional proadrenomedullin 

Like PCT, proadrenomedullin (proADM) is a kind of "hor- 
mokine" that encompasses the cytokine-like behavior of hor- 
mones during inflammation and infections. Adrenomedullin 
(ADM) is a 52-amino-acid peptide produced by the adrenal 
medulla. ADM is produced during physiological stress and 
has various functions including vasodilation and anti-inflam- 
matory and antimicrobial effects [62]. Plasma ADM concen- 
tration and ADM gene expression increases in patients with 
sepsis [63]. However, ADM is rapidly cleared from the circula- 
tion, making measurements unreliable. Therefore, instead of 
ADM, serum quantification of the mid-regional fragment of 
proADM has been studied. Recent clinical data have shown 
that circulating mid-regional proADM levels are significantly 
higher in patients with sepsis than in patients with systemic 
inflammatory response syndrome (SIRS) [64]. A recent study 
of febrile patients with hematologic malignancies reported 
that proADM could predict localized bacterial infections and 
differentiate sepsis from SIRS [65]. In addition, proADM is re- 
sponsible for hypotension associated with severe sepsis, 
which has been proposed as a good marker for risk assess- 
ment and predicting sepsis prognosis [64, 66]. If further data 
support these findings on the predictive value of proADM, it 
could be useful as both a prognostic marker and a diagnostic 
marker for early stages of localized infections. 

7. Cell surface markers and soluble receptors 
1) CD64 

CD64 is a membrane glycoprotein with increased expres- 
sion in patients with bacterial infections. CD64 expression in- 
creases hours after activation of innate immunity; it is not ex- 
pressed by PMN in healthy individuals. Therefore, CD64 
expression can reflect very early stages of infection and help 
to both make early diagnosis and predict prognosis. The CD64 
index has been suggested to be predictive of positive bacterial 
cultures and a useful test for management of sepsis and other 
significant bacterial infections [67]. Another study demon- 
strated that the CD64 index is higher in febrile adult patients 
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with bacterial infections, with a sensitivity of 87% (95% CI: 79- 
92%), and that high CD64 expression is related to survival [68]. 
In contrast, it has been reported that CD64 indices greater 
than 2.2 are specific (89% specificity [95% CI: 83-94%]) but 
less sensitive (63% sensitivity [95% CI: 55-71%]) to predict 
bacterial infections in critically ill patients [69]. A systematic 
review and meta-analysis concluded that CD64 could be a 
marker for bacterial infection with a pooled sensitivity and 
specificity of 79% (95% CI: 70-86%) and 91% (95% CI: 85- 
95%), respectively. However, because published studies have 
low methodological quality, further studies are needed to ver- 
ify these findings [70] . 

2) Soluble triggering receptor expressed on myeloid 
cells 1 

Soluble triggering receptor expressed on myeloid cell 1 
(sTREM-1) is a soluble form of TREM-1, a glycopeptide recep- 
tor expressed on the surface of myeloid cells such as PMNs, 
mature monocytes, and macrophages. TREM-1 expression in- 
creases in bacterial or fungal infections [71-73]. A prospective 
study by Gibot et al. suggested that the sensitivity and speci- 
ficity of sTREM-1 for diagnosis of sepsis are comparable to 
that of CRP and PCT [74, 75]. A meta-analysis reported that 
the sensitivity and specificity of sTREM-1 to diagnose bacteri- 
al infections were 82% (95% CI: 68-90%) and 86% (95% CI: 
77-91%), respectively [76]. Another recent meta-analysis 
showed that plasma sTREM-1 had only moderate diagnostic 
performance to differentiate sepsis from SIRS [77]. A prospec- 
tive study at a single center in Korea reported that sTREM-1 
levels on admission were independently significant for surviv- 
al in patients with severe sepsis [78]. In addition, rapid de- 
crease of sTREM-1 is correlated with better outcome [72]. 
Therefore, sTREM-1 may be useful for sepsis diagnosis or pre- 
dicting sepsis prognosis. The usefulness of sTREM-1 as a bio- 
marker requires further evaluation in clinical settings either 
measured alone or combined with other biomarkers. 

3) Soluble urokinase plasminogen activator receptor 

First described in 1990, urokinase plasminogen activator re- 
ceptor (uPAR) is a surface signaling receptor expressed on 
most leukocytes [79]. uPAR was originally thought to assist di- 
rectional invasion of migrating cells, but is now known to be 
involved in multiple immunological functions including cellu- 
lar adhesion, differentiation, proliferation and angiogenesis, 
as well as migration [80]. During inflammatory processes, 
uPAR is cleaved from the cell surface by proteases and re- 
leased as soluble uPAR (suPAR). It is measurable in blood and 



body fluids including urine, cerebrospinal fluid, bronchial 
washing fluid, and saliva. suPAR plasma levels reflect immune 
activation in response to bacterial or viral infection, cancer, 
burns, and rheumatic diseases. suPAR levels are significantly 
higher in patients with sepsis than those without and also 
higher in critically ill patients than control patients [81]. How- 
ever, recent studies have demonstrated that suPAR has a lower 
diagnostic value for sepsis (areas under receiver operating 
characteristic curves [AUC-ROC] of 0.62) than CRP or PCT 
[82-84]. Several studies have suggested suPAR to be an infor- 
mative marker for severity of sepsis [81, 84-87]. In a prospec- 
tive study of 543 acutely-ill patients, baseline suPAR levels 
were significantly associated with 30 day- and 90 day-mortali- 
ty after adjusting for age, CRP, and Charlson's comorbidity in- 
dex [86]. In a recent systematic review, suPAR was superior to 
other biomarkers, including CRP, PCT, and sTREM-1 for pre- 
dicting prognosis [84]. Overall, suPAR might have better prog- 
nostic value to predict mortality instead of diagnosing sepsis. 

8. Angiopoietin 

Angiopoietin (Ang)-l and -2 are endothelial-derived vascu- 
lar growth factors that play opposing roles during sepsis. Ang- 
1 stabilizes the endothelium, whereas Ang-2 facilitates loss of 
endothelial integrity and vascular leakage. Ang-1 or Ang-2 ac- 
tivates the transmembrane endothelial tyrosine kinase Tie2, 
which mediates the quiescent, healthy state of blood vessels [88] . 
Ang-2 plays a crucial role in induction of inflammation [88, 89]. 
Elevated levels of circulating Ang-2 are associated with sepsis 
with multi-organ dysfunction, which is indicative of impaired 
vascular endothelial integrity. A cohort study revealed that el- 
evated Ang-1 and lower Ang-2 levels were observed in sepsis 
survivors [90]. The endothelium and Ang-Tie2 receptor ligand 
system have been the recent focus of ongoing sepsis studies. 

9. Combined biomarkers and sepsis scoring systems 

We have discussed several sepsis biomarkers. Numerous 
biomarkers have been evaluated for clinical use in sepsis, with 
moderate to good sensitivity and specificity for diagnosis and 
prognosis. However, the results of measuring a single bio- 
marker are inconclusive in clinical settings. Owing to this limi- 
tation, combination approaches measuring multiple biomark- 
ers have recently been introduced. "Scoring systems" have 
also been developed, which use both clinical and laboratory 
markers [28, 91, 92]. In 2003, the infection probability score 
(IPS) was introduced to assess the probability of infection in 
critically ill patients. The IPS ranges from 0 to 26 points, and 
includes patient body temperature (0-2 points), heart rate 
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Table 2. Several clinical examples of combined sepsis biomarkers 



Authors [references] 


Markers 


Outcome 


Results 


Bozza et al. [27] 


MCP-1,APACHE-II 


Predict 28-day mortality 


AUC-ROC of 0.89 


Selberg et al. [44] 


PCX C3a 


Differentiate sepsis from SIRS 


AUC-ROC of 0.93 a 


Kofoed et al. [82] 


suPAR, sTREM-1, MIF, CRP, 
PCT, WBC 


Differentiate bacterial infection from 
SIRS 


AUC-ROC of 0.88 


Gibot et al. [91] 


sTREM, PCX CD64 


Diagnose sepsis 


AUC-ROC of 0.95 b 


Shapiro et al. [92] 


NGAL, protein C, IL-lra 


Predict severe sepsis, septic shock, and 
death 


AUC-ROC of 0.80, 0.77, and 0.79 c 


Kofoed et al. [94] 


suPAR sTREM-1, MIF, age 


30-day and 180-day mortality 


AUC-ROC of 0.93 and 0.87 


Harbarth et al. [95] 


Temperature, HR, BP, WBC, PCT 


Differentiate sepsis from SIRS 


AUC-ROC of 0.94 



d p (sepsis) = e <- 286106 + 0 - 8912 * ln ( pcT ! + 4 - 3571 *l"(C3ayp + 

""bioscore" was calculated by scoring as 0 or 1 values below or above each threshold value for sTREM, PCT, and CD64 index. 

'Sepsis Score = probability of severe sepsis = [e (rawscore) /1 + e (,awscore) ] x 1 00; Raw Score = -8.7 + 0.63 (NGAL quartile) + 0.41 (IL-1 ra quartile) + 0.50 (protein C quartile) 
APACHE-II, acute physiology and chronic health evaluation II; AUC-ROC, areas under receiver operating characteristic curves; BP, blood pressure; CD, cluster of differen- 
tiation; CRP, C-reactive protein; C3a, complement 3a; HR, heart rate; IL-1 ra, interleukin-1 receptor antagonist; MCP, monocyte chemoattractant protein; MIF, macrophage 
migration inhibitory factor; NGAL, neutrophil gelatinase-associated lipocalin; PCT, procalcitonin; sTREM-1 , soluble triggering receptor expressed on myeloid cell-1 , suPAR; 
soluble form of urokinase-type plasminogen activator receptor, WBC; white blood cell. 



-28.6106 -I- 0.S3I2 x IniPuT: t 4.3b/1 < InCiah 



(0-1 points), respiratory rate (0-1 points), white blood cell 
counts (0-3 points), CRP (0-6 points), and sepsis-related or- 
gan failure assessment score (0-2 points). The AUC-ROC of 
IPS was 0.82 for predicting the probability of infection. Pa- 
tients with <14 points have only a 10% risk of infection [93]. 
Several clinical examples of combinations of biomarkers and 
scoring for sepsis are shown in Table 2 [27, 31, 44, 82, 91, 92, 
94, 95]. 

Combined biomarkers and inclusion of sepsis scoring sys- 
tems showed better AUC-ROC values than single biomarkers. 
Theoretically, combining multiple markers can improve diag- 
nostic and prognostic values, because sepsis is composed of 
multiple immune responses with various changes in cyto- 
kines and biomarkers. However, which and how many combi- 
nations of biomarkers are most informative have not yet been 
investigated for use as a high-throughput technology. Cost-ef- 
fectiveness and comprehensive clinical interpretation must 
also be evaluated. 



Conclusions 

Biomarkers are useful for early diagnosis of sepsis, to predict 
outcome, and to guide choice of antibiotic therapy. In these 
modern times, clinicians encounter the laboratory results on 
a daily basis. Therefore, proper interpretation and wise use of 
biomarkers are necessary. Combination approaches of bio- 
markers with new techniques needs to be further evaluated. 
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